Clinically important microbes, and the pathogenesis, symptoms and diagnosis of their corresponding infectious diseases were integrated into clinical schemes within a clinical presentation curriculum. Decisions on microbe placement considered a variety of factors, including spaced reinforcement of major pathogens. We report here the map of our integrated medical microbiology curriculum.
The pervading trend in medical education is integration of formal knowledge with clinical experience. A strong rationale for this approach is that student retention of non-contextualized basic science information is poor. [1] [2] [3] [4] [5] [6] Indeed, students who learn symptoms of a disease in the context of biomedical information are better able to retain their diagnostic performance over time than those who learn disease symptoms in isolation. [7] [8] [9] A. T. Still University's School of Osteopathic Medicine in Arizona (ATSU SOMA) considered this critical issue when designing the curriculum. The SOMA program includes an integrated clinical presentation curriculum (CPC), and early contextual learning experiences. [10] [11] [12] Our students learn to diagnose using inductive reasoning through investigation of clinical schemes that represent the most common presenting signs or symptoms (e.g. abdominal pain). Schemes provide a framework that students can use for both learning and problem solving, and reveal the road map that an expert clinician uses in an inductive decision-making process. 10, 13 Thus, the schemes serve two purposes, to organize learning and to solve clinical problems. 14 In SOMA's CPC, 131 schemes are organized into 11 organ system courses that are sequenced through the student's first two years. Instruction in basic, clinical and social sciences occurs within each scheme. Figure 1 shows the sequence of the courses in years 1 and 2, in addition to Medical Skills and Osteopathic Principles and Practice courses run in parallel. Year 1 begins with Principles of Medicine, where students learn basic science fundamentals in the context of clinical scenarios. As an example, bacterial endospores are introduced in a clinical scenario where a patient receives a tetanus booster after falling off a horse and fracturing her radius and ulna. Students are introduced to their first scheme, Sore Throat/Rhinorrhea, toward the end of Principles of Medicine.
For medical microbiology, clinically important microbes, and the pathogenesis, symptoms and diagnosis of their corresponding infectious diseases are integrated into the schemes within each organ system. As summarized in Table 1 (see Appendix) , the medical microbiology content, presented in the context of infectious diseases, is integrated into 47 schemes housed within 8 organ systems. Decisions on optimum placement of medical microbiology topics are multifactorial. At the outset, a comprehensive list of objectives/content topics is formulated. The layout takes into account significance to the scheme, and whether the topic has been identified by USMLE, COMLEX and published medical microbiology core knowledge objectives. 15 Integration with other basic science and clinical knowledge disciplines is coordinated. Figure 2 provides an example of the distribution of Staphylococcus characteristics across the courses. The guiding principle here resembles that of Wilkerson et al., who have developed an ascending spiral preclerkship curriculum in which content is purposively repeated at a higher level of complexity. 21 The layout of our map also reflects intentional review of major pathogens prior to board exams. Features of Pseudomonas aeruginosa infection, for example, are covered in five courses over the 2-year period (Table 1, Basic concepts and recurring themes in medical microbiology are woven throughout years 1 and 2 of the curriculum. For example, the role of biofilms in the pathogenesis and treatment of joint infections, endocarditis, catheter infections, periodontitis, vaginitis and otitis media is addressed in the Neuromusculoskeletal, Cardiopulmonary, Renal and Endocrine, Gastrointestinal, Genitourinary, and Senses courses, respectively. Lipopolysaccharide (LPS) is another example of a recurring topic. After students grasp LPS structural features and their relationship to disinfectant and antibiotic resistance in Principles of Medicine, the role of LPS in immune evasion and the pathogenesis and symptoms of gram-negative infections is discussed in multiple courses. Another major recurring theme is the predominance of human infection due to normal microbiota, which maps readily to all of the courses. Our strategy is designed to aid in the transfer of basic science knowledge to clinical learning. In transfer, a concept learned in one context is used to solve a problem in a different context, and this phenomenon is enhanced when multiple examples are provided. 22 In addition to facilitating transfer, the reinforcement of medical microbiology principles over time within a clinical context likely facilitates long-term retention of the substantial amount of microbiology knowledge medical students must acquire. [16] [17] [18] [19] [20] [21] Delivery of didactic content in our year 1 curriculum reflects the diverse styles of the basic science and clinical faculty involved in each organ system. Multiple approaches, including flipped classrooms, problem based learning, case studies, gallery walks, interactive clicker sessions, games, and traditional lectures are employed. ATSU SOMA MS years 2-4 train in a contextual setting at and around one of eleven community campuses nationwide (each affiliated with the National Association of Community Health Centers), and thus receive didactic content via podcasts. 11, 12 As there are no CPC textbooks, content resources are similar to those at institutions with more traditional curricula. Incoming students receive a list of 22 required textbooks which are used throughout their first two In providing a clinical framework for two years of basic science instruction and small group case work, the scheme-based clinical presentation model is likely motivating for students, and may enhance understanding, long-term retention and clinical problem solving skills. The Infectious Diseases Society of America Preclinical Curriculum Committee now advocates a medical education approach that facilitates transfer of classroom knowledge to the bedside. 23 SOMA's integrated medical microbiology content is an excellent example of such an approach. Our medical microbiology map may be of value to other programs interested in developing a scheme-based CPC. 
